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Our findings show that the hypotension and bradycardia are produced by a direct effect of protamine on the myocardium and peripheral vascular system.
Heparin is necessary for the performances of extracorporeal circulation. Protamine sulphate is used to neutralize heparin at the completion of cardiopulmonary bypass (Hurt et al., 1956 ). Hypotension and bradycardia, the common side effects of protamine, can be detrimental to postcardiotomy patients (Jaques, 1949; Egerton and Robinson, 1961) . The mechanism of action of protamine on the intact cardiovascular system and isolated peripheral vasculature has been investigated and is the subject of this paper.
METHODS
A total of 40 adult mongrel dogs weighing 14 to 23 kg were divided into seven groups. Six groups (A-F) of six dogs each had intact circulations, and the seventh group (G) of four dogs was put on total cardiopulmonary bypass. All dogs were anaesthetized with thiopental sodium, intubated and ventilated by a Harvard mechanical respirator.
DOGS WITH INTACT CIRCULATIONS In groups A-F a transsternal incision through the left fifth and right fourth interspaces was used to expose the heart. An electromagnetic flow probe (Statham) was placed around the ascending aorta to measure cardiac output (CO). Polyethylene catheters were introduced into the left ventricular cavity, left femoral artery, and left femoral vein to measure left ventricular pressure (LVP), its rate of rise (dp/dt), the femoral arterial pressure (FAP), and central venous pressure (CVP) respectively. The left ventricular contractile element velocity (Vce) was determined from isovolumic pressure (IP) and 320 Cardiovascular depressant eflect of protamine sulphate dp/dt; maximal Vce (V max) was obtained by construction of an IP to Vce curve and extrapolation to zero load (Mason, Spann, and Zelis, 1970) . Electrocardiograms were always recorded.
Each animal in groups A-F received intravenous heparin, 5 mg/kg, followed by protamine sulphate, 10 mg/kg. Group A animals had both carotid arteries exposed and clamped proximal to the sinus region to test the carotid sinus reflex after heparin-protamine administration. Groups B-F were pretreated intravenously with these drugs: group B was given hexamethonium chloride, 10mg/kg, to block the autonomic ganglia and epinephrine release by the adrenal medulla. Group C received atropine sulphate, 0.5 mg/kg, to block postganglionic parasympathetic receptors (vagal block). Norepinephrine, 2 ,tg/kg, was given after 10 minutes to test the vagal block. Ordinarily, an increase in blood pressure would be followed by reflex bradycardia; however, an atropinized dog would have no reflex bradycardia following an increased blood pressure. Group D dogs were given phenoxybenzamine (Dibenzyline) 5 mg/kg and a 30-minute waiting period to achieve complete alpha blockade. In group E, propranolol (Inderal), 1 mg/kg, was given with a 10-minute waiting period for complete sympathetic beta blockade. Group F dogs were given compound 48/80 (a condensation product of pmethoxyphenethyl methylamine with formaldehyde), 0-1 mg/kg, slowly over a period of 20 minutes to deplete endogenous histamine (Paton, 1951; Papacostas, Loew, and West, 1959) . Before and after heparin-protamine administration the blood pH was tested in one animal of each group.
The four dogs in group G were cannulated and put on extracorporeal circulation. The heart was isolated by clamping the ascending aorta and pulmonary artery. The effect of protamine on the vascular tree was measured by observing the FAP before and after injection of 10 mg/kg of protamine into the arterial inflow of the extracorporeal pump.
RESULTS
The results are summarized in the 
